The partial control of viremia during acute human immunodeficiency virus type 1 (HIV-1) infection is accompanied by an HIV-1-specific cytotoxic T-lymphocyte (CTL) response and an absent or infrequent neutralizing antibody response. The control of HIV-1 viremia has thus been attributed primarily, if not exclusively, to CTL activity. In this study, the role of antibody in controlling viremia was investigated by measuring the ability of plasma or immunoglobulin G from acutely infected patients to inhibit primary strains of HIV-1 in the presence of natural-killer (NK) effector cells. Antibody that inhibits virus when combined with effector cells was present in the majority of patients within days or weeks after onset of symptoms of acute infection. Furthermore, the magnitude of this effector cell-mediated antiviral antibody response was inversely associated with plasma viremia level, and both autologous and heterologous HIV-1 strains were inhibited. Finally, antibody from acutely infected patients likely reduced HIV-1 yield in vitro both by mediating effector cell lysis of target cells expressing HIV-1 glycoproteins and by augmenting the release of ␤-chemokines from NK cells. HIV-1-specific antibody may be an important contributor to the early control of HIV viremia.
During acute human immunodeficiency virus type 1 (HIV-1) infection, the plasma viremia level rises to a peak and then drops coincident with the development of a specific immune response (11, 12) . The level of viremia eventually attained represents a set point that correlates well with subsequent immunological and clinical events and is an important factor in the decision to institute antiretroviral therapy (22, 35) .
The initial control of viremia has been attributed to an HIV-1-specific cytotoxic T-lymphocyte (CTL) response (6, 17, 27, 31, 39) . CTLs targeting several epitopes can be detected early in infection, and depletion of CD8 ϩ cells from monkeys infected with simian immunodeficiency virus (SIV) abrogates the fall in viremia normally seen during acute infection (6, 17, 31, 36) . The apparent importance of CTLs in controlling viremia has had a large impact on vaccine development, where many recent efforts have centered on eliciting strong cellular immune responses (1, 2, 19, 20) .
Unlike CTL activity, antibodies which neutralize HIV infectivity are often undetectable during acute infection (18, 23, 24, 30) . Although a recent study demonstrated consistent neutralizing activity in sera from patients with early infection when macrophages were used as target cells, many of the sera were obtained several months after infection and possibly after the viremia set point was reached (34) . The low frequency of neutralizing activity during the period of falling viremia has led to the notion that antibodies do not play a major role in controlling viremia.
Although neutralizing antibodies may be undetectable or at low titer during acute HIV-1 infection, antibodies with other functions could play a role in controlling viremia. Antibodydependent cellular cytotoxicity (ADCC) occurs when antibody forms a bridge between a target cell bearing foreign antigens on its surface and an effector cell expressing Fc receptors; this interaction results in the lysis or apoptosis of the target cell. Like CTL activity, ADCC could eliminate infected cells and thereby reduce viral burden. In a small number of acutely infected patients, Connick et al. found antibodies which mediated ADCC to be present at about the same time as CTLs became detectable (11) . We recently demonstrated that ADCC, measured by 51 Cr release assay using target cells transfected with HIV env and an autologous combination of patient serum and peripheral blood mononuclear cells (PBMCs), correlated inversely with viral load in chronically infected patients not receiving antiretroviral therapy (14) . Thus, ADCC antibodies may be present during acute infection, and it is biologically plausible that ADCC plays a role in determining the virological set point.
ADCC is typically assessed in 51 Cr release assays, which provide a measure of target cell death. However, in elucidating the role of ADCC in viral infections, it may be more biologically relevant to directly measure the ability of antibody and effector cells to inhibit virus; this is particularly true if mechanisms other than cytotoxicity contribute to the antiviral effect. In this study, we examined the ability of antibody from acutely infected patients, in combination with effector cells from healthy individuals, to directly inhibit heterologous and autologous clinical strains of HIV-1.
MATERIALS AND METHODS

Patients.
Plasma from 15 patients with acute HIV infection, none of whom had ever received antiretroviral therapy, was collected as part of an ongoing prospec-tive study of acute and early HIV infection at the University of California, San Diego School of Medicine, and at Cedars-Sinai Medical Center. Criteria for inclusion of patients included the following: (i) negative HIV-specific antibody measured by enzyme-linked immunosorbent assay (ELISA) and either a positive plasma HIV-1 RNA by PCR or a positive p24 antigen, (ii) positive ELISA with an indeterminate HIV-specific Western blot and a positive plasma HIV RNA or p24 antigen, or (iii) positive Western blot within 30 days of a negative or indeterminate Western blot. Plasma was collected between 3 and 56 days (median ϭ 18 days) following onset of symptoms of acute HIV infection (13 patients) or at 34 and 38 days following a known exposure to HIV from two patients (Table  1) . From all but three patients, plasma was collected during the period of declining viremia. Samples obtained later in the course of acute infection were also available from 11 of the 15 patients. All plasma was collected in EDTA or acid citrate dextrose and frozen at Ϫ70°C prior to use in the assays described below. Due to a limited supply, plasma samples from different patients were pooled for some experiments. This research was approved by Institutional Review Boards at the University of California, Irvine, the University of California, San Diego, and Cedars Sinai Medical Center.
Virus. HIV 92US657 is an R5 primary isolate obtained from the NIH AIDS Reagents Program through the Multicenter AIDS Cohort Study and the UN-AIDS Network for HIV Isolation and Characterization and from the Division of AIDS, National Institute of Allergy and Infectious Diseases. Autologous patient isolates were obtained by cocultivating patient PBMCs with phytohemagglutinin (PHA)-stimulated PBMCs from a healthy donor. Virus was passaged an additional time on PHA-stimulated PBMCs and stocks were stored at Ϫ80°C until used.
Separation of IgG from plasma of acutely infected patients and generation of Fab fragments. Immunoglobulin G (IgG) was separated from plasma samples by affinity chromatography using protein G-coated Sepharose beads. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was used to analyze the purity of the IgG fraction and to adjust the concentration of IgG used in subsequent assays. Fab fragments were generated by incubating IgG with 5% (vol/vol) papain and 1 mM EDTA for 16 h at 37°C; Fc fragments were captured by protein G-coated Sepharose beads, and eluate containing Fab fragments was analyzed by SDS-PAGE and stored at 4°C until use.
Virus inhibition assay. PBMCs obtained by Ficoll-Hypaque centrifugation of buffy coats from healthy donors were allowed to adhere to polystyrene flasks for 1 h. Nonadherent cells were collected and stimulated for 24 h with PHA in RPMI 1640 medium supplemented with penicillin (100 U/ml), streptomycin (100 g/ ml), and 10% fetal bovine serum (medium). CD4 ϩ lymphocytes were then magnetically separated from the PBMCs with anti-CD4 monoclonal antibody (Miltenyi Biotech, Auburn, Calif.) and infected with HIV-1 at a multiplicity of infection of approximately 0.05 for various time periods. Next, 2 ϫ 10 6 infected cells were added to 12.5-cm 3 flasks to which effector cells and either 10% heat-inactivated patient plasma, patient IgG, plasma from uninfected controls, or IgG from uninfected controls (Cytogam; a gift from Nami Park, MedImmune, Gaithersburg, Md.) was added (total volume ϭ 2 ml). Effector cells were prepared from PBMCs obtained from healthy, HIV-seronegative donors different from the target cell donors. Natural killer (NK) effector cells were magnetically separated from the PBMCs using anti-CD56 monoclonal antibody (Miltenyi Biotec) and added to the infected cells at an effector/target cell (E:T) ratio of 10:1 immediately after addition of plasma. Supernatant fluid was sampled for p24 by ELISA (ZeptoMetrix; Buffalo, N.Y.) between 3 and 10 days after the addition of plasma and effector cells. Virus inhibition was calculated as follows: 51 Cr-labeled CEM 213 cells. PBMC effector cells, from healthy donors, were then added at an E:T ratio of 100:1, and following a 4-h incubation, supernatant fluid was assayed by scintillography. Cytotoxicity was determined as follows: % cytotoxicity ϭ cpm plasma ϩ effector cells Ϫ cpm spontaneous /cpm maximum Ϫ cpm spontaneous .
Generation of soluble antiviral substances. CEM 213 cells were incubated with IgG from acutely infected patients or from uninfected controls for 30 min and washed carefully to remove unbound antibody. NK effector cells were then added at an E:T ratio of 10:1. After 18 h, the cells were pelleted and the supernatant fluid (conditioned medium) was collected. Conditioned medium was added neat to CD4
ϩ lymphocytes 54 h after infection with HIV 92US657 ; virus yield was determined 5 days later by measuring p24 in the supernatant fluid bathing the CD4 ϩ lymphocytes. Chemokines and chemokine neutralization. To determine if conditioned medium generated from a target cell-antibody-effector cell interaction contained ␤-chemokines which might explain the antiviral effect of the conditioned medium, goat antibodies against macrophage inflammatory protein 1␣ (MIP-1␣), MIP-1␤, and anti-RANTES (regulated upon activation, normal T-cell expressed, presumed secreted; NIH AIDS Reagents Program) were used for immunoadsorption; normal goat serum was used as a control. Briefly, the anti-␤-chemokine antibodies were used to coat six-well culture plates; conditioned medium was then added to the plates and, after a 60-min incubation at room temperature, collected for subsequent determinations of antiviral activity. The quantity of ␤-chemokines in conditioned medium was measured by ELISA (R & D Systems, Minneapolis, Minn.) according to the manufacturer's instructions.
Statistics. Correlations between continuous variables were analyzed using Pearson's correlation on ranked data. The Kruskal-Wallis test was used to evaluate continuous variables divided into two different groups.
RESULTS
Plasma from acutely infected patients inhibits HIV-1 in the presence of NK effector cells. To determine if plasma from acutely infected patients could inhibit HIV-1 and to define the variability of the virus inhibition assay, plasma from three acutely infected patients was assayed two to five times each in six separate experiments; plasma was collected 3 (patient 1) or 14 (patients 6 and 7) days after onset of symptoms of acute HIV infection. CD4 ϩ lymphocytes were infected with HIV 92US657 for 48 h before addition of 10% plasma and effector cells, and virus yield was determined at various times thereafter. Plasma was left in solution during the entire assay, thus 92US657 -infected CD4ϩ lymphocytes 7 or 8 days after the addition of 10% plasma from acutely infected patients or from uninfected controls, respectively, with or without NK effector cells from uninfected donors. For each patient, p24 determinations were repeated using supernatant fluid obtained at one or two additional times; percent inhibition was generally higher when obtained at earlier times and lower when collected later.
b Days following a known HIV exposure.
allowing neutralization of cell-free virus to take place. Nevertheless, plasma alone had little or no effect on virus yield relative to plasma from uninfected controls ( Fig. 1 ; Table 1 ). NK cells combined with HIV-seronegative plasma also did not reduce viral yield (data not shown); this lack of inhibition by NK cells and seronegative plasma was confirmed in nine separate assays, each with different donors. In contrast to patient plasma alone or control plasma plus NK cells, when plasma from acutely infected patients was combined with NK cells from heterologous, healthy donors, supernatant p24 was decreased in two of the three patient samples assayed ( Fig. 1 ). Different effector cell and/or target cell donors were used in each assay, and peak p24 yield with HIV-seronegative control plasma ranged from about 200 to 1,700 pg/ml. Thus, some interassay variability was expected. However, individual plasma samples generally yielded similar results in repeated assays, especially when p24 was sampled on day 7 or 8 after the addition of plasma and NK cells (Fig. 1) . These results demonstrate that the direct effect of plasma and effector cells on HIV yield can be reproducibly measured and that plasma from acutely infected patients has antiviral activity in the presence of NK effector cells.
Whole antibody directed against envelope glycoproteins mediates the antiviral effect. To establish that antibody, rather than some other component of plasma, was responsible for reducing viral yield in the presence of effector cells, IgG was purified from plasma of two acutely infected patients. Samples eluted from the column gave the same pattern on SDS-PAGE as a commercially available IgG with high anticytomegalovirus antibody titer (Cytogam; MedImmune) and contained approximately the same amount of IgG as the original 10% plasma from which the IgG was extracted. IgG from both patients resulted in substantial reductions in viral yield when combined with NK effector cells (Fig. 2a) . Fab fragments generated from the patient IgG did not inhibit virus (data not shown).
Using whole plasma, we next performed immunoadsorption with CEM 213 cells, which are transfected with env and express HIV gp41 and gp120 on their surface. Two separate pools of plasma, each made of samples from two patients (patients 5 and 9 in pool A and patients 6 and 10 in pool B), were used for immunoadsorption. Adsorption with CEM 213 cells, but not with untransfected CEM cells, reduced antiviral activity to the same level as plasma from uninfected controls (Fig. 2b) . Similar results were obtained when this experiment was repeated using an individual plasma from an acutely infected patient, as well as an additional pool of plasma from four acutely infected patients (data not shown). Thus, the antiviral activity of plasma from acutely infected patients is contained within the IgG fraction, requires intact antibody, and, as expected, targets HIV glycoproteins expressed on the surface of infected cells.
Prevalence of antiviral antibody during acute HIV infection. To determine the prevalence of antiviral antibody, plasma from 15 acutely infected patients was assayed for antiviral activity against HIV 92US657 with and without NK effector cells. Antiviral activity was measured using 10% plasma, NK effector cells from healthy donors, and PHA-stimulated CD4 ϩ lymphocytes infected with HIV 92US657 for 48 h as target cells. Supernatant fluid was assayed for p24 activity between 3 and 10 days after the addition of plasma and effector cells. Only day 7 or day 8 results are reported (Table 1) ; in general, earlier sampling resulted in greater inhibition of viral yield, whereas later sampling gave less inhibition (Fig. 1a) . Plasma from each patient was assayed in one of five separate assays, each using different effector and target cell donors. With the exception of plasma samples from patients 1, 6, and 7 (which were assayed multiple times), each patient's plasma was assayed once. Compared with plasma from HIV-negative controls combined with NK effector cells, plasma samples from eight patients, collected at the earliest time points, inhibited virus by Ͼ50% in the presence of NK effector cells, and five samples inhibited by Ͼ90% (Table 1) . In most cases, there was little or no inhibition due to patient plasma alone (compared to HIV-negative plasma alone), consistent with other studies showing poor neutralizing activity early in HIV infection (Table 1 ). There was no statistically significant correlation between the antiviral activity of plasma in the presence of NK effector cells and the antiviral activity of plasma in the absence of effector cells (R ϭ 0.31, P ϭ 0.27 [ Table 1 To evaluate the relationship between the antiviral antibody response and plasma viremia, we assayed plasma obtained at multiple time points from seven patients. Plasma HIV RNA was measured by reverse transcription-PCR (Roche Molecular Systems, Branchburg, N.J.). Antiviral activity was measured as described above for determining the prevalence of antibody. To eliminate the variability caused by different target or effector cells, multiple samples from an individual patient were assayed in parallel using a single effector cell donor and a single target cell donor (effector cells and target cells were from different healthy donors). In five patients, the antiviral antibody activity increased while viral load decreased (without antiviral therapy) as much as 3 log 10 copies/ml (Fig. 3, patients  1, 3, 6 , 7, and 13). Patient 15's viral load decreased while antiviral antibody activity remained constant at 97% (Fig. 3) . Patient 14 had very little antiviral activity at either of two time points; this patient's level of viremia stayed constant at about 6 log 10 copies/ml during this period (Fig. 3) .
We also compared the antiviral activity from all 15 patients with their HIV RNA levels obtained at the same time. Among patients with multiple samples, only the earliest sample was included in this analysis (Table 1) , in order to eliminate the potential bias of using nonindependent measurements. Despite the fact that five different effector cell-target cell donor pairs were used to measure the antiviral activity of plasma (which would normally increase the variability of the measurement), there was an inverse relationship between antiviral activity and viremia level (R ϭ Ϫ0.48, P ϭ 0.067 [ Fig. 4] ). Furthermore, patients with plasma viremia levels less than or equal to the median value (5.87 copies/ml) had significantly greater antiviral antibody activity than patients with plasma viremia levels of Ͼ5.87 copies/ml (medians ϭ 91 and 22% inhibition, respectively; P ϭ 0.028). Although the antiviral antibody activity increased over time for most patients with multiple samples, overall there was a poor correlation between antibody activity and the number of days after onset of symptoms that the specimen was obtained (R ϭ 0.18, P ϭ 0.52). Since almost all patients were studied during the period of declining viremia, there was a strong inverse correlation between the day the specimen was obtained and the level of viremia (R ϭ 0.66, P ϭ 0.007).
Antibody present during acute infection inhibits autologous and heterologous strains of HIV. The HIV-specific neutralizing antibody response has been reported to be strain specific, particularly early in infection (23) . To determine the breadth of the effector cell-mediated antiviral antibody response during acute infection, we used a panel of autologous and heterologous isolates in the virus inhibition assay. Two separate assays were performed, and p24 was measured in the supernatant fluid of HIV-1-infected CD4 ϩ lymphocytes 3, 7, and 10 days after addition of plasma and NK effector cells; the growth kinetics for all isolates were similar. Three of five plasma samples with activity against the reference strain (HIV 92US657 ) had nearly identical antiviral activity against autologous strains or against heterologous strains from other acutely infected patients; a plasma sample which lacked activity against HIV 92US657 also did not inhibit the autologous isolate (Table  2) . Plasma from patient 3, obtained 16 days after onset of symptoms of acute HIV infection, had about half the activity against the reference strain as against the autologous strain; plasma from the same patient obtained 12 days later was equally active against both strains. Plasma from patient 6 markedly inhibited HIV 92US657 but had little if any effect on the isolate from patient 11. On the other hand, the isolate from patient 11 was strongly inhibited by plasma from patient 9, implying that there was no general difficulty inhibiting the patient 11 isolate. These results suggest that the early antiviral antibody response is often broadly reactive.
Plasma from acutely infected patients mediates ADCC and triggers the release of ␤-chemokines from effector cells. ADCC causes target cell death and is therefore a likely mechanism by which antibody in the presence of NK effector cells might lead to virus inhibition. To investigate the possible role of ADCC in controlling viremia during acute infection, we measured the ADCC antibody activity of plasma obtained at multiple time points from four acutely infected patients. ADCC was measured in a 51 Cr release assay using CEM 213 target cells and PBMC effector cells from a healthy donor at an E:T of 100:1.
All four patients developed ADCC antibody during the period of declining viremia (Fig. 5) . These results indicate that lysis of target cells by ADCC is likely to be responsible, at least in part, for the antiviral antibody activity during acute infection.
We also explored noncytolytic antiviral mechanisms by determining the ability of conditioned medium, generated from the combination of CEM 213 target cells, pooled patient (or control) IgG, and effector cells, to inhibit HIV-1. Conditioned   FIG. 3 . Evolution of antiviral antibody response and plasma HIV RNA during acute infection. Solid lines, percent inhibition (calculated as described for Fig. 1 and in the text) for 10% plasma in the presence of NK effector cells; broken lines, HIV RNA level. Multiple samples from individual patients were assayed for virus inhibition in parallel (in three separate assays), using single effector cell and target cell donors in each assay (effector cells and target cells were from different donors, and the E:T ratio was 10:1). Parallel assays were run once for each sample; however, the first time points from patients (Pt.) 1, 6, and 7 represent the mean values from an additional one to four assays. a Percent inhibition is calculated as described for Table 1 . p24 was sampled from supernatant fluid 7 days after the addition of plasma and NK effector cells to infected CD4 ϩ lymphocytes; p24 determinations were repeated using supernatant fluid sampled at 3 and 10 days, and the relative inhibition of individual strains of virus remained nearly identical; Pt., patient; -, not done.
b Virus strains were isolated from patient plasma on day 9 (patients 3 and 12), day 18 (patient 9), and day 10 (patient 11) after onset of symptoms of acute HIV infection.
medium from flasks containing patient IgG combined with NK cells reduced virus yield from CD4 ϩ lymphocytes by a mean of 69% compared with infected CD4 ϩ lymphocytes that did not receive conditioned medium (Fig. 6a) . Conditioned medium from flasks containing either patient IgG alone or HIV-seronegative IgG combined with NK effector cells had little or no effect on virus yield (Fig. 6a) . In a 51 Cr release assay, none of these conditioned media were cytolytic (data not shown). Finally, conditioned medium containing a freeze-thaw lysate of the CEM 213 target cells did not inhibit virus (data not shown).
In view of a study indicating that ␤-chemokines are secreted from NK cells after cross-linking of Fc receptors by anti-CD16 antibody (28), we determined if ␤-chemokines were responsible for the antiviral effect of the conditioned medium. First, combining IgG from acutely infected patients with CEM 213 target cells and NK effector cells resulted in increased amounts of MIP-1␣ and RANTES compared with target cells combined with HIV-seronegative IgG plus NK effector cells; note that NK cells in the absence of HIV-1-specific IgG produced all three ␤-chemokines when combined with target cells (Table 3) . We also found that adsorption of conditioned medium with goat anti-MIP-1␣ and anti-RANTES antibodies reduced the antiviral activity by 36 and 46%, respectively, compared with adsorption with normal goat serum; adsorption with anti-MIP-1␤ had little effect (Fig. 6b) . Thus, MIP-1␣ and RANTES production is augmented by the interaction between HIV-1-specific antibody, env-expressing target cells, and NK effector cells and results in reduced virus yield. 
DISCUSSION
The marked decline in plasma HIV-1 level that occurs during acute infection strongly suggests that immune responses are capable of partially controlling HIV viremia. Since CTL activity is detectable early in infection, whereas neutralizing antibody is generally absent, immunological control of HIV-1 has been attributed primarily to the CTL response (6, 17, 18, 23, 24, 27, 30, 31, 39) . We have found, however, that in marked contrast to neutralizing activity, antibody directed against infected cells and capable of inhibiting HIV-1 in the presence of NK effector cells is detectable in the majority of patients when viremia is declining and as early as a few days after the onset of symptoms of acute infection. Furthermore, we found that the magnitude of this effector cell-mediated antiviral antibody response is inversely associated with plasma viremia level and that autologous and heterologous primary HIV strains are inhibited. These findings indicate that HIV-1-specific antibody could play an important role in the control of viremia during acute infection.
Our data strongly support ADCC as a mechanism responsible for the antiviral activity in plasma from acutely infected patients. ADCC occurs when antibody forms a bridge between target cells expressing antigens with which the antibody binds and effector cells bearing Fc receptors. We have shown that the antiviral activity is contained within the IgG fraction of antibody and requires NK effector cells (which express Fc receptors [32] ). Furthermore, the antiviral antibody binds to envelope glycoproteins, and activity requires intact antibody rather than Fab fragments. Finally, in cytotoxicity assays directly measuring ADCC, plasma from acutely infected patients, in the presence of effector cells, lysed target cells expressing HIV glycoproteins.
ADCC, like CTL activity, results in the death of infected cells (21) . It is therefore biologically plausible that ADCC plays a role in controlling viremia during HIV-1 infection. Baum et al. have shown that in patients with chronic infection, higher ADCC antibody titer is associated with less rapid progression of disease (4). We have previously found that ADCC, measured by 51 Cr release assay using target cells transfected with HIV-1 env and an autologous combination of patient serum and PBMC effector cells, correlates inversely with viral load in chronically infected patients not receiving antiretroviral therapy (14) . Importantly, the effector cells of ADCC-NK cells as well as macrophages-can be found in key sites of HIV replication, such as lymph nodes (M. Lu, N. Kouttab, N. Raja, D. L. Zheng, and G. Skowron, Abstr. 7th Conf. Retroviruses Opportunistic Infect., abstr. 368, 2000; 26). In SIV-infected rhesus macaques with rapidly progressive disease, the passive infusion of plasma from animals with more slowly progressive disease reduces plasma viremia in a manner most consistent with ADCC (5). Furthermore, during acute SIV infection, a rapid increase in NK activity (measured in a 51 Cr release assay) and in the number of activated NK cells precedes the decline in viremia (15) ; since NK cells are a major effector cell for ADCC (38) , it is possible that these activated NK cells are mediating ADCC. In a recent study describing synergism between antibody and immune T cells in protecting mice from herpes simplex virus type 2 genital infection, the authors suggested that T cells responding to the virus produce cytokines that activate NK cells, which in turn mediate ADCC in the presence of antibody (25) . Such a three-way interaction between innate, humoral, and T-cell immunity could also explain the strong correlation between HIV-1-specific CD4 ϩ lymphocyte activity and control of viremia during HIV-1 infection (33) . Finally, the recent demonstration that infusion of an anti-CD8 monoclonal antibody results in a transient increase in plasma SIV viremia is also consistent with a role for ADCC in the control of lentivirus infection, since macaque NK cells generally express CD8 and would likely be depleted along with CTLs (8, 36) . From our results together with those of Connick et al. showing a temporal relationship between antiviral antibodies and the fall in viremia during acute infection (11) , there is mounting evidence supporting an important role for ADCC in controlling viremia during HIV infection.
By definition, ADCC results in the lysis of target cells. Most of our experiments used reduction in viral yield, rather than cell lysis, as an indicator of the biological activity of antibody. It is likely that much of the antiviral activity that we measured in plasma from acutely infected patients was due to the death and removal of virus-producing cells. On the other hand, noncytolytic mechanisms, due to soluble substances secreted as a result of the interaction between target cells, antibody, and effector cells, also reduced viral yield. Some of the noncytolytic antiviral effect was neutralized by antibodies against MIP-1␣ and RANTES. Furthermore, HIV-specific antibody, in the presence of envelope-expressing target cells, augmented MIP-1␣ and RANTES release from NK cells. Thus, it is likely that these ␤-chemokines, released from NK cells via Fc receptor stimulation, were responsible for some or all of the soluble antiviral effect. Their role relative to that of cytotoxicity in inhibiting virus was not ascertained.
Presumably, the ␤-chemokines act by inhibiting the entry of newly released virus into uninfected cells (13) . ␤-Chemokine release from NK cells through cross-linking of Fc receptors has been previously documented (28) . However, in that study, Fc receptor cross-linking was accomplished by a specific antibodyantigen interaction directed against the receptor. Our study shows, for the first time, that a physiological interaction between an HIV-1-specific antibody, HIV-1 glycoprotein-expressing cells, and effector cells bearing Fc receptors results in the release of ␤-chemokines and that a consequent antiviral effect occurs. Thus, we define a new biological activity of antibody, related to ADCC through its component parts but acting through an entirely different mechanism.
In general, antibody alone had little effect on viral yield. Our experimental conditions allowed antibody added to HIV-infected cells to inhibit cell-to-cell spread of virus, either by neutralizing cell-free virus or by interacting with budding virions. In any case, the limited activity of antibody alone is consistent with other studies showing poor neutralizing antibody activity during acute infection (18, 23, 24, 30) . Nonetheless, a recent study reported consistent neutralizing activity early in infection when macrophages, rather than lymphocytes, were used as target cells; however, many of the sera tested were obtained several months after infection and likely well after the steepest declines in viremia (34) . We did not find a strong correlation between the antiviral effect of antibody alone and that of antibody combined with effector cells. Thus, it is unclear whether antibodies that mediate an antiviral effect toward infected cells in the presence of effector cells are the same as those that neutralize cell-free virus. Addressing this question will require further studies focused on determining the antigenic specificity and the antibody-antigen affinity of the early antiviral response.
Plasma antiviral activities were generally similar when measured against a reference strain, other heterologous strains, or autologous strains. Although we did not determine the degree of genetic diversity in the isolates used, these results suggest that the antiviral response during acute infection, when measured in the presence of effector cells, is broadly reactive. Again, this differs from the neutralizing antibody response, which tends to be strain specific, particularly early in infection (23) . If further studies verify the breadth and importance of the effector cell-mediated antiviral response in controlling viremia in vivo, the antigenic determinants of this response may prove to be key components of a protective or therapeutic HIV vaccine.
An unexpected finding of our investigation was the lack of antiviral activity of NK cells in the absence of HIV-specific antibody. NK activity is thought to require a positive signal generated through a specific ligand-receptor interaction or the absence of inhibitory signals mediated by major-histocompatibility complex molecules on target cells and inhibitory receptors on NK cells (3, 7, 10) . HIV infection down regulates the expression of some major histocompatibility complex class I molecules, which should render infected cells targets for NK activity (37) . On the other hand, HLA C and HLA E molecules may not be down regulated and thus remain available to interact with inhibitory receptors (9) . It should be noted that we did not activate NK cells before using them in virus inhibition assays. However, the use of NK effector cells and CD4 ϩ lymphocyte target cells from different donors likely resulted in some activation over the 7-day assay period. Furthermore, it is possible that NK cells could have been effective in reducing viral yield in cells infected for a shorter time. In any case, our results lead us to question any significant role for NK cells-in the absence of Fc receptor cross-linking by antibody-in controlling viremia. If the activation of NK cells, which occurs just prior to the decline in viremia during acute SIV infection (15) , is important in controlling viremia, it may be due to the capacity of NK cells to act as effector cells for an early antiviral antibody response.
In summary, antibody capable of inhibiting autologous and heterologous primary strains of HIV-1, in the presence of NK effector cells, is present early in acute HIV infection, and the magnitude of this antibody response correlates inversely with plasma HIV-1 viremia level. HIV-1-specific antibody may thus be an important contributor to the early control of HIV-1 viremia, and antigens that elicit an effector cell-mediated, antiviral antibody response may be important components of an HIV vaccine.
